This study examined the expression and distribution of BCSG-1 in human breast cancer tissue. IHC revealed that BCSG-1 was primarily seen as a cytosolic protein, weakly staining normal mammary epithelial cells but increased in breast tumour cells. Q-PCR revealed that node negative and positive tumours had similar levels of BCSG-1 transcript and BCSG-1/CK19 ratio. There were significantly higher levels in grade 2 and grade 3 tumours compared to grade 1. Patients with NPI (Nottingham prognostic indicator) <3.4, had a predicted 80% 15-year survival. After a 10-year follow-up, no significant difference was seen between tumours from patients remaining disease-free and those who died of breast cancer. The levels of BCSG-1 significantly correlated with an associated molecule, transglutaminase-3 (r=0.307, P<0.05), and weakly with transglutaminase-7 (r=0.183). BCSG-1 is increased in breast tumour cells, is negatively associated with tumour grade and significantly correlates with levels of transglutaminase-3.
Introduction
Synucleins are widely expressed in brain tissue and have been suspected to have links to Alzeimer's disease. Recently, Á-synuclein (SNCG) has been reported to have a strong connection with cancer.
Á-synuclein (SNCG) was first found to be similar to a protein known as breast cancer specific gene-1 (BCSG-1), discovered from differential analysis of normal and tumour breast tissues. The molecule was subsequently found to be linked to the proliferation of breast cancer cells, in that over-expression of the molecule in breast cancer cells resulted in a faster rate of growth. Á-synuclein has been shown to be involved with the heat-shock protein (Hsp)-based multiprotein chaperone complex for stimulation of estrogen receptor (ER)-· signalling. It increases the ligand-binding capacity of ER-·, and stimulated ligand-dependent activation of ER-· (1). Augmentation of SNCG expression stimulated transcriptional activity of ER-·, whereas compromising endogenous SNCG expression suppressed ER-· signalling. The SNCG-mediated stimulation of ER-· transcriptional activity is consistent with its stimulation of ligand-dependent cell growth. Whereas overexpression of SNCG stimulated ligand-dependent cell proliferation, suppression of endogenous SNCG expression significantly inhibited cell growth in response to estrogen (2, 3) . In clinical breast cancer (n=79), SNCG mRNA, detected using conventional PCR, has been found in 15% of stage I/II tumours but in 79% of stage III/IV tumours (4) .
In addition to breast cancer, the aberrant expression of BCSG-1 has now been reported in a number of other tumour types, including bladder, pancreas, esophageal, and gastric cancer. However, the conclusions from these studies are controversial. In esophageal tissue, for example, the Ásynuclein gene was expressed in all 27 cases of normal epithelial tissue, while down-regulation of Á-synuclein was observed in 16 out of 27 cases (59.3%) of esophageal small cell carcinomas. In the same tumour type, an in vitro study concluded that overexpression of Á-synuclein in cell lines inhibited the growth of the cells (5) .
In the current study, we have used quantitative method to quantify the BCSG-1 transcript and correlated the levels of the transcript with clinical parameters and the long-term outcome of patients. We report that, despite the lack of a significant correlation between BCSG-1 and survival and clinical outcome, BCSG-1 is a highly significant differential marker in breast cancer.
Materials and methods
Materials. RNA extraction and RT kits were obtained from AbGene Ltd. (Surrey, UK). PCR primers were designed using Beacon Designer (CA, USA) and synthesised by Invitrogen Ltd. (Pasley, UK). Molecular biology grade agarose and ONCOLOGY REPORTS 16: 207-212, 2006 207
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DNA ladder were purchased from Invitrogen. Master mix for routine PCR and customised master mix for quantitative PCR were from AbGene. Rabbit anti-human BCSG-1/Á-synuclein polyclonal antibodies were purchased from Santa Cruz Biotechnology Ltd. (Santa Cruz, CA, USA). Peroxidase conjugated anti-rabbit and anti-goat antibodies were from Sigma and a biotin universal staining kit was from Vector Laboratories (Nottingham, UK).
Tissue samples. Breast cancer tissue (n=120) and normal background tissue (n=32) were collected immediately after surgery and were maintained at -70˚C until use. Details of histology and clinical outcome were obtained from pathology reports (Table I ). Patients were routinely followed clinically after surgery. The median follow-up period was 120 months. The presence of tumour cells in the collected tissues was verified by a consultant pathologist (A.D.J.), who examined H&E-stained frozen sections.
Tissue processing, RNA extraction, cDNA synthesis, and RT-PCR. Frozen sections of tissues were cut at a thickness of 5-10 μm and were kept for immunohistochemistry and routine histology. A further 15-20 sections were mixed and homogenised using a hand-held homogeniser, in ice-cold RNA extraction solution. The concentration of RNA was determined using a UV spectrophotometer. Reverse transcription was performed using an RT kit with an anchored oligo-dt primer supplied by AbGene, using 1 μg total RNA in 96-well plates. The quality of cDNA was verified using ß-actin primers. An internal region of BCSG-1 and an internal region which spanned one intron was amplified, the latter as used in the quantitative anlaysis (Table II) together with internal regions for ER, ER-ß and transglutaminase-3 and -7. PCR products were visualised on a 2% agarose gel and documented using Optimas 6 software.
Quantitative analysis of BCSG-1 transcript. The level of BCSG-1 transcripts, plus ER and ER-ß transcripts from the above-prepared cDNA was determined using real-time quantitative PCR, based on the Amplifluor™ technology as we recently reported (6) (7) (8) , modified from a previously reported method (8) . After analysis, the same quantitation was performed for transglutaminase-3 and -7. Briefly, pairs of PCR primers were designed using the Beacon Designer software (version 2) (sequence given in Table II ), but an additional sequence, the Z-sequence (5'-actgaacctgaccg taca-3') which is complementary to the universal Z probe (Intergen Inc., UK), was added to one of the primers. A Taqman detection kit for ß-actin was purchased from Perkin-Elmer. The reaction was performed in triplicate using the following: Hot-start Q-master mix (AbGene), 10 pmol of specific forward primer, 1 pmol reverse primer which has the Z-sequence, 10 pmol of FAM-tagged probe (Intergen Inc.), and cDNA from approximate 50 ng RNA. The reaction was performed using IcyclerIQ™ (Bio-Rad), which is equipped with an optic unit that allows real-time detection of 96 reactions, using the following conditions: 94˚C for 12 min, 50 cycles of 94˚C for 15 sec, 55˚C for 40 sec and 72˚C for 20 sec. The levels of the transcripts were generated from a standard that was simultaneously amplified with the samples. The levels of transcript are shown in two ways: BCSG-1 transcript and BCSG-1/CK19 ratio, as we have recently reported (9) .
Immunohistochemical staining of BCSG-1. This was based on a method we recently described (10) . Frozen sections of breast tumours and background tissues were cut at a thickness of 6 μm using a cryostat. The sections were mounted on super frost plus microscope slides, air dried and then fixed in a mixture of 50% acetone and 50% methanol. The staining procedure was completed simultaneously for all of the sections, to ensure comparison. The sections were then placed in 'Optimax' wash buffer for 5-10 min to rehydrate. Sections were incubated for 20 min in a 0.6% BSA blocking solution and probed with the primary antibody (diluted 1:100 for anti-BCSG-1). Following washing, sections were incubated for Table I . Clinical details of samples used in this study. 
30 min in the secondary biotinylated antibody (Multilink Swine anti-goat/mouse/rabbit immunoglobulin, Dako Inc.). Avidin Biotin Complex (Vector Laboratories) was then applied to the sections followed by washing to remove excess. Diamino benzidine chromogen (Vector Laboratories) was then added to the sections which were incubated in the dark for 5 min. Sections were counterstained in Gill's haematoxylin and dehydrated in ascending grades of methanol before clearing in xylene and mounting under a cover slip. Staining intensity of BCSG-1 in cytoplasmic area and in nucleus was respectively semi-quantified from non-counterstained images, using a method established in our laboratory (10) . Briefly, greyscale digitized images were imported into the Optimas software (Optimas 6.0). Staining intensity was analysed in both nucleus and cytoplasmic compartments. Control staining (without primary antibody) was used for extraction of the background staining. Intensity data were exported to Excel for statistical analysis and are shown here as mean intensity of either the cytoplasmic region or nucleus staining.
Statistical analysis was carried out using the Mann-Whitney U test and the Kruskal-Wallis test, and Kaplan-Meier survival analysis and Cox proportional analysis, where appropriate, using an SPSS (SPSS12) package.
Results
Distribution of BCSG-1 in human mammary tissue. BCSG-1 was primarily seen as a cytosolic protein that was weakly stained in normal mammary epithelial cells (Fig. 1 ). No nucleus staining was observed. In breast tumour tissue, there was increased staining in the cytoplasmic region ( Fig. 1) but, again, no obvious nucleus staining was seen. In both normal tissue samples, stromal cells displayed no staining.
Levels of the BCSG-1 transcript in normal and tumour tissues.
The transcript was determined using quantitative real-time PCR. As shown in Fig. 2 , there was no significant difference between normal and tumour tissues. Given the epithelial nature of BCSG-1 staining, as seen in Fig. 1 , we have used CK19 transcript to normalise the BCSG-1 transcript. As shown in Fig. 2 (insert) , the BCSG-1/CK19 ratio in tumours was significantly higher than in normal mammary tissue.
BCSG-1 was associated with tumour differentiation. As shown in Fig. 3 , significantly higher levels of BCSG-1 transcript and BCSG-1/CK19 ratio were seen in grade 2 and grade 3 tumours than in grade 1 tumours. In contrast, node negative and node positive tumours had similar levels of BCSG-1 transcript and BCSG-1/CK19 ratio (Fig. 4A ). In addition, levels were also assessed according to predicted prognosis, as assessed by the Nottingham prognostic index (NPI). The predicted clinical outcome was assessed using the NPI, which was calculated using the following formula: ONCOLOGY REPORTS 16: 207-212, 2006 209 Table II . Primer sequences (underlined are Z-sequence for quantitation). Patients with NPI 3.4-5.4 (NPI2) had a predicted 42% and NPI >5.4 (NPI3) had a predicted 13% 15-year survival, respectively. No significant difference was seen amongst different groups (Fig. 4B) , although patients with a poor prognosis had marginally high levels.
No significant link was seen between BCSG-1 and long-term clinical outcome. The current cohort had a 10-year follow-up. As shown in Fig. 5A , there was a marginal rise in BCSG-1 expression in tumours from patients who died of breast cancer. No significant difference was seen between tumours from patients who remained disease-free and from those who died of breast cancer. Kaplan-Meier survival analysis failed to show a significant correlation between BCSG-1 and survival over a 10-year period, although patients with low levels of BCSG-1 had a marginally longer survival time [133.46 (122.9-144.0) months, mean and 95% CI], compared to those with high levels [127.8 (110.4-145.1) months, P=0.06] (Fig. 5B) .
We have additionally explored the correlation between BCSG-1 and other molecules that were potentially associated with it. The levels of BCSG-1 significantly correlated with transglutaminase-3 (r=0.307, P<0.05) and weakly with transglutaminase-7 (r=0.183). As expected, there was a significant correlation between BCSG-1 and ER-ß (r=0.264, P<0.05 after CK19 normalisation).
Discussion
The current study has found that BCSG-1 (breast cancer specific gene-1) or Á-synuclein (SNCG) is increased in breast cancer tissue, is significantly higher in grade 2 and grade 3 tumours than in grade 1 tumours and significantly correlates with transglutaminase-3, a potentially associated molecule, and ER-ß. Á-synuclein (SNCG) was first found to be similar to a protein known as breast cancer specific gene-1 (BCSG-1), discovered from differential analysis of normal and tumour breast tissues. It has been subsequently found not to be breast cancer specific, but found in a range of cancer types. Á-synuclein has been seen to be a potential marker of human bladder cancer and is raised in urine in a high proportion of patients with bladder cancer (11) .
In pancreatic cancer, Á-synuclein mRNA and protein were found to be overexpressed in a majority of the cell lines (12) . The protein was found in over 60% of pancreatic tumour tissues in stage I and stage II and in 38% of serum samples. The study has reported that the overexpression of Á-synuclein correlates with perineural and lymph node invasion (12) .
In gastric cancer, Á-synuclein was also overexpressed, both in cell lines and in primary gastric tumour tissue. This was subsequently found to be linked to the CpG demethylation of Á-synuclein (13) . It was very interesting to note that demethylation was more frequent in primary gastric cancers positive for lymph node metastasis (51%; 26 of 51) than in cancers without lymph node involvement (26%; 14 of 54; P<0.05), and also more common in stages II-IV (48%; 27 of 56) than in stage I (27%; 13 of 49) cancers (P<0.05). This is the first study to use a large cohort of breast tissue samples to determine the range and level of BCSG-1/SNCG in human breast cancer. Although BCSG-1/SNCG levels were increased in tumour tissue, it was interesting to note that this correlated with increasing grade of tumour. Moreover, higher levels of BCSG-1 also correlated with levels of transglutaminase-3. Tissue transglutaminase has been reported to catalyse the cross link of the synucleins and contribute to disease progression in Parkinson's disease (14, 15) . Western blotting analysis failed to detect any of the synucleins in normal breast and ovarian tissues, but found synucleins in 82% of latestage breast tumours and 87% of ovarian tumours (16) . This is potentially interesting as it demonstrates a potential link between transglutaminase expression and BCSG-1 expression with breast cancer progression.
Why BCSG-1/SNCG is increased in breast tumour tissue may be due to the methylation status of the gene. Demethylation of exon 1 of BCSG-1/SNCG is an important factor responsible for the aberrant expression of BCSG-1/SNCG in breast carcinoma (17) . In human breast and ovarian cancer cell lines, BCSG-1/SNCG exon 1 was hypomethylated which may contribute to the overexpression of BCSG-1/SNCG in these cells (18) .
BCSG-1/SNCG may be an indicator of disease progression, although how this protein may be involved remains to be explained. It has been shown that overexpression of Ásynuclein leads to constitutive activation of ERK1/2 and downregulation of JNK1 in response to a host of environmental stress signals, including UV, arsenate, and heat shock. Ásynuclein-expressing cells are significantly more resistant to the chemotherapeutic drugs, paclitaxel and vinblastine, as compared with the parental cells. Á-synuclein may also block apoptosis pathways in cancer cells (19) . It is also interesting to note that overexpression of Á-synuclein resulted in upregulation of MMP-2 and MMP-9 in retinoblastoma cells, possibly by increasing the efficiency of the MMP-9 promoter (20) .
In conclusion, BCSG-1 is increased in breast tumour cells and is associated with tumour grade. Moreover, increased levels of BCSG-1 significantly correlate with levels of transglutaminase-3 and correlate with ER-ß expression. We conclude that BCSG-1 increases in human breast cancer; particularly, in association with increased grades of tumour. As it has been shown that overexpression of BCSG-1 leads to resistance to chemotherapy and is linked to disease progression in other diseases, this protein requires further study to elucidate its role in breast cancer. 
